Background: To evaluate the feasibility of using panoramic radiographs as an alternative to an interocclusal recording method for determining the condylar guidance in dentate and edentulous conditions. Materials and Methods: 20 dentulous individuals with an age range of 20-30 years and 20 edentulous patients of 40-65 years were selected. An interocclusal bite registration was done in protrusive position for all the subjects. Orthopantomographs were made for all patients in open mouth position. Hanau articulator was modifi ed to record the angulations to the accuracy of 1°. Tracing of glenoid fossa on radiograph was done to measure the condylar guidance angles. Readings were recorded and analyzed by Freidman's test and t-test. Results: Condylar guidance values obtained by the interocclusal method and radiographic method in dentate individuals on the right side and left side 40.55°, and 37.1°, and 40.15°, and 34.75°, respectively. In the edentulous individuals, the values on the right side and left side was 36.7° and 36.1° and 35.95° and 33.6,° respectively. The diff erence was statistically signifi cant (P = < 0.001) in dentate group and was not statistically signifi cant (P = 0.6493) in edentulous group. Conclusion: Panoramic radiograph can be used as an alternative to interocclusal technique only in edentulous patients. Further studies comparing panoramic radiograph to jaw tracking devices would substantiate the results of this study.
Introduction
Programming of the semi-adjustable articulator is an additional step that is deemed mandatory for the fabrication of good removable or fi xed prosthesis. Programming of the semi-adjustable articulator refers to adjusting the horizontal condylar guidance and lateral condylar guidance and incisal guidance.
Condylar guidance is described as the mandibular guidance generated by the condyle and articular disc traversing the contour of anterior slope of glenoid fossae or, synonymously, as the mechanical form located in the upper posterior region of the articulator that controls the movement of the mobile member. 1 The angle at which the condyle moves away from the horizontal reference plane is referred to as the condylar guidance. This angle varies from person to person and from one side to the other. 2 The goal of registering this condylar guidance is to program the articulator for simulating the patient's condylar movements as accurately as possible.
Various clinical methods for recording the sagittal condylar guidance are intraoral check bite method, graphic tracings, and functional recordings. 3 With the interocclusal check bite method errors can creep in due to variation in the properties, and manipulation of the recording material such as distortion of the recording material, and poor adaptation of the casts to the wax. 4 Another problem noted with the wax protrusive technique was that patients had a diffi culty closing precisely in protrusion, which was attributed to a lack of voluntary neuromuscular control. Regardless of the material used, angle changes with the degree of protrusion and that intraoral record represents only one point along the condylar path. Accuracy of graphic tracings is aff ected by patient-related factors such as neuromuscular control of the individual, stability of record bases as well as ability of recording media. 5 The introduction of optoelectronic devices has solved some of these problems associated with the clinical methods for determining the condylar guidance. 6 However, clinical usage of these devices requires good neuromuscular control of the patient, skill of the operator, and it is a consuming procedure. Usage of such devices is not readily feasible in developing Determination of condylar guidance by panoramic radiographs as an alternative to interocclusal record method … Godavarthi AS et al countries like India since the equipment expense is not economical.
A very early attempt was made to record the condylar path by radiographs by Boos in 1951. He used temporomandibular joint (TMJ) radiographs to determine the condylar guidance angle. 4 Orthopantamographs (OPG) are one of the commonly used diagnostic tools in dentistry. Anthropometric studies have shown the use of panoramic radiographs to measure the condylar guidance. Panoramic radiographic image accurately represents the outline of articular eminence. It may be used as an aid in setting the condylar guidance inclination of a semi-adjustable articulator. The use of panoramic radiographs can overcome the shortcomings of the conventional clinical methods used to determine the condylar guidance. The clinical implication of these studies needs to be compared for reasonable accuracy. Therefore the main aim of this study is to evaluate the feasibility to use the panoramic radiographs to determine the condylar guidance in comparison with the conventional clinical methods for reasonable accuracy.
Objectives of the study 1. To determine the condylar guidance on panoramic radiographs in dentate and edentulous subjects 2. To determine the condylar guidance by conventional clinical method in dentate and edentulous subjects 3. To compare the values obtained from panoramic radiographs with the values obtained by a conventional technique.
Materials and Methods
40 subjects comprising of 20 dentulous with age group ranging from 20 to 30 years, and 20 edentulous subjects with age group ranging from 40 to 65 years were randomly selected for the study with the following inclusion criteria. Patients free of TMJ disorders, with good neuromuscular control, dentulous subjects with a complete set of teeth, edentulous subjects with moderately formed ridges. The exclusion criteria include patients with a history of orthodontic treatment, patients with deep bite and anterior malocclusion, patients with prognathic and retrognathic mandible, patients with a gross facial deformity. The subjects were divided into 2 groups. Group I comprising of 20 dentulous subjects, and Group II comprising of 20 edentulous subjects.
The two groups were subdivided into, Group, I A were condylar guidance angle was determined by a conventional technique. Group, I B were the condylar guidance angle was determined by the panoramic radiographs. Group II A were condylar guidance angle was determined by a conventional technique. Group II B were the condylar guidance angle was determined by the panoramic radiographs.
Modifi cation of Hanau articulator to measure the horizontal condylar guidance angulations
The Hanau wide Vue-II articulator has a condylar track of numerical scale with increments of 5°. In order to obtain the readings with accuracy up to 1, a protractor modifi ed to have angulations from 0° to 60° was fi xed to the condylar shaft (Figures 1 and 2 ). The center of the protractor was made to coincide with the center of the condylar shaft. Two pointers were attached on to the condylar track. One pointer was attached at the 0° mark on the outer rim of the condylar track. The 0°of the protractor was made to coincide with the 0°pointer while measuring the angle. The second pointer was attached to the groove in the inner rim of the condylar track which indicates the condylar guidance angle. If the pointer was at 0.5 or more decimals on the protractor, then the higher value was considered as the reading, and if the pointer was at <0.5 decimals then the lower value was considered as the reading.
Interocclusal record method for Group I subjects
Maxillary and mandibular dentulous impressions made, and casts were poured. Face bow transfer was done using 
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Hanau spring bow and the maxillary cast was mounted on the articulator. A bite registration was done at the centric and protrusive positions using bite registration paste (Jet bite). The mandibular cast was mounted on the articulator using the centric record. Programming of the articulator was done using protrusive record. The 0° of the protractor was made to coincide with the 0°pointer. The horizontal condylar angle was then read from the protractor. The above mentioned procedure was carried out in all 20 dentulous subjects to obtain the horizontal condylar inclination by interocclusal method respectively.
Interocclusal record method for Group II subjects Preliminary impressions were made, and primary casts were obtained. Special trays were fabricated. Border molding was done for both the arches and final impressions were made. Impressions were poured, and master casts obtained.
Temporary denture bases and occlusal rims were fabricated on the master casts. Customization of the occlusal rims was done for the patient. Tentative jaw relations were recorded. Face bow transfer and gothic arch tracing were done. A bite registration was done at the centric and protrusive positions using bite registration paste (Jet bite). The centric relation was verifi ed using the centric record and programming of the articulator was done using protrusive record. The 0°of the protractor was made to coincide with the 0° pointer. The horizontal condylar angle was read from the articulator. The above-mentioned procedure was carried out in all 20 edentulous subjects to obtain the horizontal condylar inclination by interocclusal method respectively. The readings were tabulated and subjected to statistical analysis.
Radiographic method for Group I and Group II subjects
All the OPG were made in an open mouth position to prevent the superimposition of the image of the condyle over the glenoid fossa in the radiograph. Exposure parameters were set to the standard of 78 kV, 8 mA and exposure time of 10 s on the Panoramic machine (DENTSPLY GENDEXORTHORALIX 9200). Lead apron was used for the subject during exposure to minimize the stray radiation.
Analysis of the obtained radiographs
The panoramic radiographs obtained were traced on acetate sheets. The Frankfort's plane was used as the reference plane for this study. The following salient points were identifi ed and traced on the OPG (Figures 3 and 4 ). Frankfort's plane was drawn from the Porion (plotted to coincide with the superior border of the radiolucent image of the external auditory meatus) to orbitale (the lower most point on the lower orbital rim. Outline of the glenoid fossa and articular eminence were marked. Point A depicting the deepest point in the glenoid fossa and point B the depicting the highest point on the articular eminence were marked. A line was drawn joining the points A and B. The angle formed by the line joining the points A and B to the line representing the Frankfort horizontal plane was measured and read as the horizontal condylar guidance angle value obtained by panoramic radiographs [ Figures 3 and 4] ). The above mentioned procedure was carried out in all the subjects. The readings were tabulated and subjected to statistical analysis
Results
The diff erence between interocclusal record and radiographic method in the dentate group showed the signifi cant diff erences (P < 0.001) indicating the influence of anterior teeth on resultant condylar guidance. Hence, it could be preferable to use interocclusal method rather than radiographic method. The method to record the bite in protrusion is simpler in dentate individual compared to an arduous process as in edentulous condition (Graph 1).
In edentulous situation before insertion of denture the over jet and overbite do not play any role in determining the amount of disclusion hence the resultant condylar guidance is purely due to the downward and forward movement of the condyle. The condylar angles obtained by both the interocclusal and radiographic methods were relatively close with a mean ranging between 2° and 3° (Graph 2). Panoramic radiographs are not only the commonest diagnostic tools in dentistry but also yield replicable results, have a favorable cost-benefi t relationship and expose patients to relatively low doses of radiation. Quantitative measurements on panoramic radiography are diffi cult because of magnifi cation diff erences, and image distortions. However, the reproducibility of vertical and angular measurements is relatively acceptable, if the patient's head is correctly positioned in the equipment. In the present study, for each panoramic radiograph the head was positioned according to the manufacturer's directions. Initially, the condyle appeared to be interfering for valuation hence in our study the open mouth technique was adapted to overcome the condyle superimposing over the glenoid fossa.
On analyzing the data for diff erences between the radiographic and interocclusal method, it was observed that horizontal condylar guidance angles obtained by radiographic method were lesser than those obtained by the interocclusal method. This diff erence could be attributed to the infl uence of overbite while recording the disclusion on the protrusive movement of the mandible. These results were supported by the results obtained by Nandhini in 2005. 7 On comparing the mean values of right and left sides obtained by the two methods showed a diff erence of 2.75° and 4.17° respectively between their arithmetic averages.
On analyzing the data obtained from 40 subjects, a signifi cant correlation exists between the horizontal condylar guidance angles determined by the interocclusal method, and radiographic method. OPG could be used as an alternative to clinical methods to overcome the disadvantages associated with conventional techniques. Further studies are required to evaluate the accuracy of radiographs for determining the condylar guidance angles with advanced radiographic techniques.
Discussion
Mandibular movements occur as a complex series of interrelated three-dimensional rotation and translation activities. The two controlling factors that determine these mandibular movements are the condylar path in the TMJ as the posterior controlling factors and the anterior teeth as the anterior controlling factors. The condylar path is peculiar to each individual patient. 2 The condylar settings should be adjusted using protrusive and lateral interocclusal records. 8, 9 Practical consequences of setting the articulator's condylar guidance higher than the subject's relative angle could possibly result in restorations with protrusive and lateral interferences. Hence, it is very important to set the condylar guidance angle close to actual is important to avoid the resultant interferences.
In clinical practice, the methods most often used to determine the inclination of the sagittal path of the condyles are: 1. The method based on the disocclusion upon protrusion (Christensen phenomenon), which employs intraoral wax records and calculating the angle while programming on the articulator 2. A graphic method in which the condylar path is recorded on a card by means of a face bow. The angle of the path is obtained by measuring the angle formed by the tangent drawn to the functional portion of the tracing. This method makes it possible to obtain a complete tracing of the condylar path rather than merely determining a point along the condylar path as represented by the interocclusal method. 10 Recording of the condylar guidance angle in edentulous condition involves a complex procedure. The errors may creep in at any stage. Some of the diffi culties are the biologic environment are the bases surrounded by the highly versatile tissues like the tongue and the cheek. Movement of these structures may destabilize the bases while recording. Most of the semi-adjustable articulators do not accept lateral records with fi delity. Accurate reading of the condylar guidance is not feasible because these instruments have a numerical scale with increments of 5°. For precise readings of the condylar angle, this scale has to be customized with increments of 1°. Variation in sagittal condylar angle determination by protrusive interocclusal record can also occur due to patient's diffi culty to close precisely in protrusion, the degree of protrusion, deformation or compression of the interocclusal record, the quality of the record, due to cast tipping, which is caused by poor adaptation of the casts to the records, force applied by the operator on the record between the maxillary and mandibular member, the position at which the pressure is applied and the sensitivity of the adjustment mechanism.
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The introduction of optoelectronic devices has resolved some of these problems associated with the clinical methods determining of the condylar guidance. However, the clinical usage of these devices requires good neuromuscular control, skill of the operator, time consuming, and the equipment expense is not economical. The use of additional aids, such as dynamic registration or imaging, may resolve these potential problems.
A very early attempt was made to analyze the condylar path through radiographic examination by Boos in 1951. Radiographically, the inclination of the temporal tubercle and the relative position of the condyle can be determined. 12 OPGs are one of the commonly used diagnostic tools in dentistry. Anthropometric studies have shown the use of panoramic radiographs to measure the condylar guidance. 13 In the present study the mean values of horizontal condylar guidance angle obtained by radiographic method of right and left sides were 36.6° and 34.17° respectively and values of horizontal condylar guidance angle ranged from 24° to 48° with maximum between 30° and 35°. The mean values of horizontal condylar guidance angle obtained by the interocclusal method of right and left sides were 38.62° and 38.05° respectively. The values of horizontal condylar guidance angle ranged from 28° to 50° with a maximum between 35° and 40° (Tables 1 and 2 ).
The condylar guidance in dentulous subjects is infl uenced by the over jet and over a bite of the individual. Greater the steepness of the overbite greater the vertical component of the protrusive glide and greater will be the disclusion. Therefore, steeper overbite results in the higher amount of disclusion and in turn results in higher condylar guidance angle.
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Various methods of recording condylar pathways are available, ranging from simple interocclusal method to recently available advanced methods such as pantronic, computerized jaw tracking devices which records precise condylar pathways. The choice of technique depends on the specifi c clinical needs of occlusal rehabilitation rather than an overriding concern for precise condylar pathways. Hence the simplest and the most convenient method which would suit the particular clinical situation should be chosen to serve the purpose. Further studies by comparing panoramic radiograph to jaw tracking devices would substantiate the results of this study.
